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LSI AND LSI MANUFACTURING METHOD

TECHNICAL FIELD

The present invention relates to an LSI including a plurality
of IP cores and a method of manufacturing the LSI.

BACKGROUND ART

Recently, a method has been used in which an LSI is
designed by connecting circuit blocks called as IP cores (In-
tellectual Property Cores). In order to control each IP core, an
IP core control register placed in the each IP core is accessed
by a CPU. At this moment, in a case where a plurality of IP
cores performing similar processing is used, it is usual that a
same value is written to each of the control registers control-
ling the respective IP cores. However, the CPU must access
every control register one by one to write the same value,
resulting in a problem the CPU’s load increases. In order to
solve the problem described above, an LSI is proposed (for
example, in Patent Document 1) in which two IP cores are
parallelly operated by accessing a common address corre-
sponding to the two IP cores, reducing the CPU’s load.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Laid-Open Publica-
tion No. 2004-362157

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

An LSI disclosed in Patent Document 1 is provided with
two IP cores and one address decoder. Each of the IP cores
includes, thereinside, a plurality of control registers. For con-
trol registers to which the same value is written across the IP
cores, same common addresses are assigned as addresses
specifying the control registers. In order to access registers,
the CPU outputs an upper address (a selection signal) and a
lower address (a common address). The upper addresses can
specify a plurality of IP cores, and the lower addresses can
specify a plurality of control registers to which a same value
is written. However, in a case where the number of IP cores to
be used increases and it is desired to change combinations of
IP cores to be simultaneously accessed, it is necessary to
prepare common addresses whose number is equal to that of
the IP core combinations, which thereby increases complex-
ity in a program to be executed on the CPU. This brings much
work to code the CPU operation, resulting in a problem that
the load of developing the program increases.

The present invention is made to solve the problems
described above and aims to reduce the load of developing the
CPU program and make a plurality of IP cores be simulta-
neously accessible.

Means for Solving Problem

An LSI according to the present invention includes: a plu-
rality of IP cores each of which has a plurality of registers and
processes input data; an address decoder that selects a register
among the plurality of registers and activates it; a CPU that
outputs to the address decoder, a system address signal des-
ignating a register of an IP core used for processing the input
data, and writes information of the input data to a register

10

15

20

25

30

35

40

45

50

55

60

65

2

activated by the address decoder; and an operation mode
control circuit which outputs to the address decoder, an opera-
tion mode signal specifying a combination of the IP cores
used for processing the input data, wherein the address
decoder determines, according to the operation mode signal,
a combination of the IP cores used for processing the input
data, and wherein among registers of the IP cores determined
to be used, the address decoder selects and activates the
register designated by the system address signal and another
register into which to write the same information as that in the
designated register.

A method, according to the present invention, of manufac-
turing an LSI including a plurality of IP cores each of which
has a plurality of registers and processes input data, an
address decoder that selects a register among the plurality of
registers and activates it, and a CPU that outputs to the address
decoder, a system address signal designating a register of an
IP core used for processing the input data, and writes infor-
mation of the input data to a register activated by the address
decoder, comprises: a step of producing a system address map
in which system addresses for the CPU to identify the plural-
ity of registers and in-IP addresses for the address decoder to
identify the plurality of registers are assigned to the individual
registers; a step of producing register grouping information
which configures a group including a plurality of registers
activated by a single system address signal; a step of produc-
ing, using the system address map and the register grouping
information, address-decoding information which relates a
plurality of system addresses included in a same group to the
in-IP addresses; and a step of producing the address decoder
on the basis of the address-decoding information.

Effect of the Invention

An LST according to the present invention is provided with
an address decoder which selects a control register specified
from a single system address signal and selects another reg-
ister to which to write the same information as the specified
control register; therefore, even in a case where the number of
IP cores to be used increases, a plurality of control registers
can be accessed with the single address signal without
increasing the load of developing the CPU program.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram of an LSI according to
Embodiment 1;

FIG. 2 is a diagram showing an operation flow chart of the
LSI according to Embodiment 1;

FIG. 3 is a diagram showing a system address map accord-
ing to Embodiment 1;

FIG. 4 is a diagram showing address-decoding information
of'individual IP cores according to Embodiment 1;

FIG. 5 is a diagram showing an example in which input
image signal data is processed by the mutually connected IP
cores according to Embodiment 1 (when selecting a path 1);

FIG. 6 is a diagram showing an example in which input
image signal data is parallelly processed by mutually con-
nected IP cores according to Embodiment 2 (when selecting
the path 1);

FIG. 7 is a diagram showing an example in which input
image signal data is parallelly processed by mutually con-
nected IP cores according to Embodiment 2 (when selecting
a path 2);

FIG. 8 is a configuration diagram of an LSI according to
Embodiment 3;
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FIG. 9 is a configuration diagram of an LSI according to
Embodiment 4;

FIG. 10 is a diagram showing a flow chart to produce
address-decoding information according to Embodiment 5;

FIG. 11 is a diagram listing instance names according to
Embodiment 5;

FIG.12is adiagram showing address maps of individual IP
cores according to Embodiment 5;

FIG. 13 is a diagram showing control register grouping
information according to Embodiment 5; and

FIG. 14 is a diagram showing a flow chart explaining
operations for assigning in IP addresses and system addresses
according to Embodiment 5.

MODES FOR CARRYING OUT THE INVENTION
Embodiment 1

Hereinafter, an LSI according to Embodiment 1 of the
present invention will be explained using FIGS. 1 to 5, in
which an LSI for processing image signal data is taken as an
example. FIG. 1 is a configuration diagram of the L.SI accord-
ing to Embodiment 1. FIG. 2 is a diagram showing an opera-
tion flow chart of the LST according to Embodiment 1. FIG. 3
is a diagram showing a system address map according to
Embodiment 1. FIG. 4 is a diagram showing address-decod-
ing information of individual IP cores according to Embodi-
ment 1. FIG. 5 is a diagram showing an example in which
input image signal data is processed by the mutually con-
nected IP cores according to Embodiment 1 (when selecting
apath1).

As shown in FIG. 1, the LSI 1 according to Embodiment 1
includes a CPU 2, an operation mode control circuit 6, an
address decoder 3, 1P cores (4ipal, 4ipa2, 4ipb, 4ipc) (here-
inafter, the respective IP cores are collectively called as “IP
core 47), and a selector 5. On the basis of various kinds of
information such as a format and a resolution inputted
through a user interface or the like (not shown in the figure),
the LSI 1 performs a picture quality adjustment process or the
like for input image signal data 105 (input data) outputted
from an image signal input device 7, and then outputs output
image signal data 106 or 107.

The CPU 2 accesses a later described IP core 4 so as to
make the IP core 4 process the input image signal data 105.
When accessing, the CPU 2 also outputs a system address
signal 100 and a write-enable signal 102. Here, the system
address signal 100 is a signal which indicates a system
address. The system address is a value by which the CPU 2
locates any element (including a memory or the like not
shown in the figure). The write-enable signal 102 is a signal
which indicates whether an access to a control register by the
later described address decoder 3 is a reading-out operation or
a writing operation. When a control register is accessed to be
read out, the write-enable signal becomes “Read”; and when
to be written, “Write.” When a control register is accessed by
the address decoder 3, the control register turns into a read-
able state or a writable state. These states are referred to as
“active.”

The operation mode control circuit 6 outputs an operation
mode signal 101. Here, the operation mode signal 101 is a
signal that determines a combination of the IP cores 4 to be
used when the LSI 1 processes the input image signal data
105.

The address decoder 3 receives the system address signal
100, the operation mode signal 101, and the write-enable
signal 102, to output an in-IP address signal 103 and a chip
selection signal 104. In addition, the in-IP address signal 103
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is a signal which indicates an in-IP address. The in-IP address
is an address by which the address decoder 3 locates a control
register of the later described IP core 4. By the address
decoder 3, the CPU 2 can access a desired IP core 4.

The IP core 4 is a function block which performs a specific
process, for example an image processing circuit or an audio
processing circuit. The IP core 4 includes, thereinside, a con-
trol register, into which the CPU 2 writes information such as
a format and the like of the input image signal data 105 to
process the input image signal data 105. The IP core 4
receives the in-IP address signal 103, the chip selection signal
104, and the write-enable signal 102 to activate a control
register. For the activated control register, the CPU 2 performs
a writing process. For example, in a case where the input
image signal data 105 is to be converted to that in a desired
format, the CPU 2 writes the desired format into the activated
control register.

The selector 5 changes the connection relation between the
plurality of IP cores 4. The selector 5 receives the operation
mode signal 101 to switch paths for processing the input
image signal data 105.

Next, operations of the LL.SI 1 will be explained using FIG.
2.

Step 201 is a step of switching operation modes. The step
of switching operation modes is a step in which the selector 5
switches combinations of the IP cores 4 for processing the
input image signal data 105.

In Step 201, the operation mode control circuit 6 outputs an
operation mode signal 101 to the selector 5 and the address
decoder 3.

According to the operation mode signal 101, the selector 5
selects specified IP cores 4 among the plurality of IP cores 4
to be used. For example, in a case where the operation mode
of'the operation mode signal 101 is for the path 1, the selector
5 connects the IP core 4ipal and the IP core 4ipb, and further
connects the IP core 4ipa2 and the IP core 4ipc. Alternatively,
in a case where the operation mode is for the path 2, the
selector 5 connects the IP core 4ipal and the IP core 4ipc, and
connects the IP core 4ipa2 and the IP core 4ipb. Here, the
combination of IP cores 4 to be connected corresponds to a
combination of IP cores 4 which include the control registers
activated by a single system address signal described later in
Step 202. For example, in a case where the control registers in
the IP core 4ipal and the IP core 4ipb are activated by a single
system address signal, the selector 5 connects the IP core
4ipal and the IP core 4ipb. When completing switching the
connections of the IP cores 4, the process transitions to Step
202.

Step 202 is a step in which register setting is performed.
The register setting is an operation to write information about
the input image signal data 105 into the control register acti-
vated by the CPU 2.

In Step 202, the CPU 2 outputs the system address signal
100 and a write-enable signal 102 to the address decoder 3.
The CPU 2 further outputs the write-enable signal 102 to the
IP cores 4.

Next, the address decoder 3 receives the system address
signal 100 and the write-enable signal 102 from the CPU 2
and receives the operation mode signal 101 from the opera-
tion mode control circuit 6, to output an in-IP address signal
103 and a chip selection signal 104 to the IP cores 4.

Here, using FIG. 3 and FIG. 4, detailed explanation will be
made about how the address decoder 3 outputs the in-IP
address signal 103 and the chip selection signal 104 after
receiving the system address signal 100, the write-enable
signal 102, and the operation mode signal 101.
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FIG. 3 is a diagram showing a system address map accord-
ing to Embodiment 1. The address decoder 3 utilizes this
system address map 301 to determine an in-IP address signal
103 and a chip selection signal 104.

In the system address map 301, a system address of each
control register is related to an instance name of an IP core 4
to be used, a control register name, and an in-IP address. The
instance name is a name assigned to identify each IP core 4.
Here, the instance names of the IP cores 4ipal, 4ipa2, 4ipb,
and 4ipc correspond to ipal, ipa2, ipb, and ipc, respectively.
Each control register name represents a name of a control
register in an IP core 4, and is named after a value to be
written. For example, for a control register into which to write
a format of the input image signal data 105, a control register
name of “format” is assigned. Similarly, for a control register
into which to write a resolution, “resolution” is assigned; for
a control register into which to write a frame rate, “framerate”
is assigned. An in-IP address is a value, by which the address
decoder 3 locates a control register, and is assigned to each
control register in each IP core 4. Unlike a system address, it
is sufficient that with an in-IP address, a control register can
be located within an IP core; therefore, a same value may be
assigned to control registers in different IP cores. For
example, in FIG. 3, in-IP addresses of 0 to 2 are assigned to
the control registers in each IP core 4. According to this
system address map 301, address-decoding information 302
shown in FIG. 4 is produced.

FIG. 4is adiagram showing address-decoding information
302. In the address-decoding information 302, each in-IP
address in each IP core 4 is related to a plurality of system
addresses. A combination (group) of a plurality of system
addresses corresponding to one in-IP address is a combina-
tion of control registers which can be accessed with one
system address signal and to which a same value is written.
For example, in the table for the IP core 4ipal, system
addresses of “0, 67, “1”, and “2, 7 are assigned to “operation
mode signal=path 1”. Referring to the system address map
301 in FIG. 3, for example, the system addresses of “2, 77
correspond to a control register framerate in the IP core 4ipal
(instance name:ipal) and a control register framerate in the IP
core 4ipb (instance name: ipb). This means that a same value
is written into these control registers by the CPU 2. Similarly,
other system addresses of “0, 6 and “1”” are combinations of
registers into which a same value is written.

The address-decoding information 302 includes, as
described above, a plurality of combinations of system
addresses according to operation modes; therefore, even in a
case where the IP cores to be used are switched, the combi-
nation of the control registers to be accessed can be changed,
without rewriting the program of the CPU 2, only by changing
the value of the operation mode signal 101 of the operation
mode control circuit 6.

The combination of the system address and the in-IP
address in the address-decoding information 302 is also
changed by the types of the operation mode signal 101 and the
write-enable signal 102. When the write-enable signal 102
inputted to the address decoder 3 indicates “Write”, the
address decoder refers to a column of “When Writing” in the
address-decoding information 302; when the inputted write-
enable signal 102 indicates “Read”, the address decoder
refers to a column of “When Reading.” Furthermore, accord-
ing to the kind of the inputted operation mode signal 101, the
address decoder 3 refers to a column of “operation
mode=path 1” or “operation mode=path 2” in the address-
decoding information 302.

Next, using an example in which the write-enable signal
102 indicates “Write” and the operation mode signal 101
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indicates the path 1, explanation will be made about an opera-
tion by which the address decoder 3 converts the system
address signal 102 to the in-IP address signal 103.

In response to receiving the system address signal 100, the
address decoder 3 searches for a corresponding system
address in a column of “operation mode=path 1” in the
address-decoding information 302 and converts an in-IP
address described in a row hit by the search into an in-IP
address signal 103 to be outputted. For example, in a case
where “2” is inputted as the system address signal 100, the
address decoder 3 refers to a system address of “2” in the
column of “operation mode=path 1. In the column of “opera-
tion mode=path 17, rows including the system address of “2”
are a row including an in-1P address of “2” in the table for the
IP core 4ipal and a row including an in-IP address of “1” in
the table for the IP core 4ipb. Therefore, the address decoder
3 outputs “2” as the corresponding in-IP address signal 103 to
the IP core 4ipal, and outputs “1” as the in-IP address signal
103 to the IP core 4ipb. Furthermore, in a case where the
operation mode is the path 1, the system addresses of “2, 77
areinasame group; therefore, even in a case where the system
address signal 102 is “7”, the same in-IP addresses are out-
putted to the same IP cores (4ipal, 4ipb).

As described above, system addresses are set as groups in
the address-decoding information 302, so that the address
decoder 3 can convert the system address signal 100 indicat-
ing one system address to the in-IP address signal 103 indi-
cating a plurality of control registers.

The above explanation has been made, under an assump-
tion that software is utilized, about a method which converts
the system address signal 100, the operation mode signal 101,
and the write-enable signal 102 to the in-IP address signal 103
and the chip selection signal 104; however, the address
decoder 3 can also be realized using hardware such as elec-
tronic circuits on the basis of relations in the address-decod-
ing information 302.

As described above, the address decoder 3 converts the
system address signal 100, the write-enable signal 102, and
the operation mode signal 101 into the in-IP address signal
103, which is outputted to the corresponding IP core 4. Fur-
thermore, the address decoder 3 outputs an enabling signal as
the chip selection signal 104 to activate the IP core 4 including
the control register designated by the in-IP address signal
103.

Next, explanation will be made about a process in which
the IP core 4 receives the in-IP address signal 103 and the chip
selection signal 104 to activate the control register. In
response to receiving the in-1P address signal 103 and the chip
selection signal 104 outputted from the address decoder 3, an
IP core 4 activates a control register designated by the in-IP
address signal 103.

In a case where the write-enable signal 102 indicates
“Write”, the IP core 4 writes, through a signal line (not shown
in the figures) directly connected from the CPU 2, a value of
a format or the like into the activated control register. When
values are written into all of the control registers, Step 202 of
writing and setting into the control registers is completed, so
that the process transitions to Step 203.

Step 203 is a step in which the IP core 4 processes the input
image signal data 105. In Step 203, the input image signal
data 105 is inputted to an IP core 4 from the image signal input
device 7 outside the LSI 1. After the input image signal data
105 is processed in the IP core 4, the input image signal data
is successively processed by one or more IP cores 4 connected
at Step 201 and finally outputted as the output image signal
data 106 or 107. For example, in a case where the IP core
4ipal and the IP core 4ipb are connected by the selector 5, the
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input image signal data 105 passes successively through the
1P cores 4ipal and 4ipb, to be outputted as the output image
signal data 106. On the other hand, in a case where the IP core
4ipa2 and the IP core 4ipc are connected, the input image
signal data passes successively through the IP core 4ipa2 and
4ipc to be outputted as the output image signal data 107. At
this point, a series of operations of the L.SI 1 is completed.

So far, the operations of the LSI 1 according to Embodi-
ment 1 have been explained. Next, explanation will be made
about a series of operations in which the IP cores 4 connected
to each other perform to the input image signal data 105,
taking image signal data processing as an example and using
FIG. 5. In this example, explanation will be made taking as an
example a case where the system address signal is “0”, the
write-enable signal 102 is “Write”, and the operation mode
signal 101 indicates the path 1.

Firstly, as has been explained in Step 201, the operation
mode control circuit 6 outputs the operation mode signal 101
indicating the path 1 to the selector 5 and the address decoder
3. Onthe basis of avalue of the operation mode signal 101, the
selector 5 selects a previously determined combination of the
IP cores 4, to connect therebetween. In this example, the
selector 5 connects the IP core 4ipal and the IP core 4ipb, and
connects the IP core 4ipa2 and the IP core 4ipc. The operation
mode control circuit 6 outputs, also to the address decoder 3,
the operation mode signal 101 indicating the path 1.

Next, as has been explained in Step 202, the CPU 2 having
received a register-writing instruction for processing the
input image signal data 105 outputs, to the address decoder 3,
the system address signal 100 indicating “0” and the write-
enable signal 102 indicating “Write” In an “operation
mode=path 1” column in the address-decoding information
302, the address decoder 3 having received these signals
refers to rows including a system address of “0.” At this
moment, in-IP addresses in rows with the system address of
“0” are an in-IP address of““0” in a table for 4ipal and an in-IP
address of “0” in a table for 4ipb. In the system address map
301, an in-IP address of “0” in the IP core 4ipal corresponds
to a control register format, and an in-IP address of “0” in the
1P core 4ipb corresponds to a control register format. There-
fore, the address decoder 3 converts the system address signal
100 indicating “0” to the in-IP address signal 103 indicating
“0” to output to the IP core 4ipal and the IP core 4ipb and
indicate the control registers format to be activated. The
address decoder 3 outputs enabling signals as the chip selec-
tion signal 104 to the control registers format in the indicated
1P core 4ipal and IP core 4ipb to activate the control registers
format.

When receiving the write-enable signal 102 indicating
“Write”, the IP core 4ipal and the IP core 4ipb which include
the activated control registers format determine “writing”. As
shown in F1G. 5, the CPU 2 writes information about the input
image signal data 105 (here, the information about the input
image signal data 105 is assumed to be “A” which represents
a format of the input image signal data 105 such as MPEG)
into the control registers format of the IP core 4ipal and the
1P core 4ipb, through signal lines (not shown in the figure)
directly connected from the CPU 2.

Similarly, the CPU 2 outputs the system address signal 100
indicating “1” and “2”, to write values of “B” and “C” repre-
senting information of the input image signal data 105 into the
remaining control registers resolution and control registers
framerate, respectively.

When the system address signal 100 indicating “1” is
inputted to the address decoder 3, the in-1P address signal 103
is outputted as “1” to the IP core 4ipal, to specify a control
register resolution.
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The address decoder 3 outputs a chip selection signal 104
to a control register resolution of the specified IP core 4ipal
to be activated. Next, the value “B” is written by the CPU 2
into the activated control register resolution of the IP core
4ipal. Furthermore, when the system address signal 100 indi-
cating “2” is inputted to the address decoder 3, “2” is output-
ted as an in-IP address signal 103 to the IP core 4ipal, and “1”
is outputted as an in-IP address signal 103 to the IP core 4ipb,
respectively, to specify control registers framerate. The
address decoder 3 outputs “enable” as chip selection signals
104 to the specified control registers framerate of the IP core
4ipal and the IP core 4ipb to be activated. A value of “C” is
written into the activated control registers framerate by the
CPU 2 (Here, “B” is assumed to be a value expressing a
resolution, and “C”, a value expressing a frame rate). In
addition, values written to the control registers, that is, a value
“A” representing a format, a value “B” representing a reso-
Iution and a value “C” representing a frame rate are varied
according to the kind of the input image signal data 105.

After completing the writing operations, as has been
explained in Step 203, the input image signal data 105 passes
successively through the IP core 4ipal and the IP core 4ipb
which include control registers with the same value written
therein, to be outputted as output image signal data 106 on
which data processing such as picture quality adjustment has
been performed. For example, in a case where the IP core
4ipal is an IP core 4 functioning to reduce noise, and the IP
core 4ipb is an IP core 4 converting color tones, the input
image signal data 105 is outputted as output image signal data
106 in which noise has been reduced and color tones are
converted.

In the explanation above, the LSI 1 uses the IP core 4ipal
and the IP core 4ipb to process the input image signal data
105; however, it is possible for the LSI 1 to use the IP core
4ipa2 and the IP core 4ipc to process the input signal data 105.
Atthis moment, similarly to the example of writing into the IP
core 4ipal and the IP core 4ipb, the CPU 2 outputs the system
address signal 100 indicating “3”, “4”, and “5” to the address
decoder 3. Then, in response to receiving the system address
signal 100, the address decoder 3 refers to tables for4ipa2 and
4ipc in the address-decoding information 302, to activate
control registers format, resolution, and framerate in the IP
core 4ipa2 and the IP core 4ipc. The CPU 2 performs writing
on the activated control registers. After completing the regis-
ter setting described above, the input image signal data 105
passes successively through the IP core 4ipa2 and the IP core
4ipc to be outputted as output signal data 107.

Furthermore, the L.SI 1 can process the input signal data
105, using the IP core 4ipal and the IP core 4ipc, and the IP
core 4ipa2 and the IP core 4ipb (not shown in the figure). On
that occasion, the operation mode control circuit 6 outputs an
operation mode signal indicating the path 2 to the selector 5.
Furthermore, the selector 5 connects the IP core 4ipal and the
IP core 4ipc, and connects the IP core 4ipa2 and the IP core
4ipb. Moreover, the address decoder 3 refers to a column of
the path 2 in the address-decoding information 302.

In addition, in the LSI 1 according to Embodiment 1,
explanation has been made under an assumption that the IP
cores 4 process image signal data; however, data to be pro-
cessed is not limited thereto, and any kind of data may be
processed. For example, the IP cores 4 may process an audio
signal. On that occasion, the LSI 1 does not process the input
image signal data 105, but processes audio signal data.

Furthermore, although in the L.SI 1 according to Embodi-
ment 1, four IP cores 4 are used, the present invention is not
limited to that configuration; that is, the present invention can
be applied to an LSI in which a plurality of control registers is
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selected by a single system address signal and which has two
or more IP cores. In addition, in a case where the LSI 1
according to Embodiment 1 receives an operation mode sig-
nal to switch the IP cores 4 to be used, at least three IP cores
4 are necessary.

Furthermore, in the LSI 1 according to Embodiment 1,
explanation has been made about a case where the address
decoder 3 receives a single system address signal to write a
same value into one control register or two control registers;
however, the configuration is not limited thereto, and the L.SI
may be configured so that three or more control registers are
to be written. In this case, three or more system addresses are
related to a row for a single in-IP address in the address-
decoding information 302.

As described above, in the LS1 1 according to Embodiment
1, the combinations of the IP cores 4 and control registers,
which are to be accessed with the operation mode signal 101
and the single system address signal, are set in advance;
therefore, it is unnecessary to prepare selection signals for the
CPU 2, whose number is the number of combinations of the
control registers, causing a reduction in developing a program
for the CPU 2.

Furthermore, in the L.SI 1 according to Embodiment 1, the
address decoder 3 operates in accordance with the address-
decoding information in which each in-1P address is related to
aplurality of system addresses; therefore, the address decoder
can access a plurality of control registers by receiving a single
system address signal.

Embodiment 2

Using FIG. 6 and FIG. 7, an LSI 1 according to Embodi-
ment 2 will be explained.

FIG. 6 is a diagram showing an example in which input
image signal data is parallelly processed by mutually con-
nected IP cores according to Embodiment 2 when selecting
the path 1). FIG. 7 is a diagram showing an example in which
input image signal data is parallelly processed by mutually
connected IP cores according to Embodiment 2 (when select-
ing a path 2). In addition, in the configuration of the L.SI 1 of
Embodiment 2, components equivalent to those in FIG. 1 and
FIG. 5 are designated by the same numerals for omitting the
explanations thereof. Furthermore, values of “A”, “B”, “C”,
“D”, “E”, and “F” in FIG. 6 and FIG. 7 represent values, such
as the formats or resolutions of the input image signal data
108 and 109, which are written into the control registers; a
same value is set to registers to which the same alphabet is
attached.

Unlike the LSI 1 according to Embodiment 1, the L.SI 1
according to Embodiment 2 parallelly processes input image
signal data 108 and input image signal data 109. Hereinafter,
explanation will be made about operations of the .SI 1 which
parallelly processes the input image signal data 108 and 109
shown in FIG. 6 and FIG. 7.

FIG. 6 is an example of a case where an operation mode
signal 101 indicates a path 1. In the case where the operation
mode signal 101 indicates the path 1, firstly, an operation
mode control circuit 6 outputs the operation mode signal 101
indicating the path 1. In response to receiving the operation
mode signal 101 indicating the path 1, a selector 5 connects an
1P core 4ipal and an IP core 4ipb. Furthermore, the selector 5
connects an IP core 4ipa2 and an IP core 4ipc. Writing opera-
tions are the same as those in Embodiment 1; therefore, the
explanation thereof will be omitted. In addition, in a case
where the input image signal data 108 is image signal data
different from the input image signal data 109 in format,
resolution, and frame rate, it is necessary for a CPU 2 to write
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values corresponding to the respective image input signals to
the IP cores 4. After completing the writing, the input image
signal data 108 passes successively through the IP core 4ipal
and 4ipb to be outputted as input image signal data 110.
Furthermore, the input image signal data 109 also passes
successively through the IP core 4ipa2 and 4ipc to be output-
ted as output image signal data 111.

FIG. 7 is an example of a case where the operation mode
signal 101 indicates a path 2. Because the selector 5 changes
the connection relation about upstream or downstream IP
cores 4, the combination of the IP cores 4 is different from that
of the path 1. In response to receiving the operation mode
signal 101 indicating the path 2, the selector 5 connects the IP
core 4ipal and the IP core 4ipc, and connects the IP core
4ipa2 and the IP core 4ipb.

After the address decoder 3 completes writing of all of the
control registers, the input image signal data 108 passes suc-
cessively through the IP cores 4ipal and 4ipc to be outputted
as the output image signal data 110. Furthermore, the input
image signal data 109 passes successively the IP cores 4ipa2
and 4ipb to be outputted as the output image signal data 111.

As described above, even in a case where the plurality of
input image signal data 108 and 109 is inputted, the L.SI 1
according to Embodiment 2 can determine, on the basis ofthe
operation mode signal 101 outputted from the operation
mode control circuit 6, the combination of the control regis-
ters to be accessed, to parallelly process the plurality of input
image signal data.

Embodiment 3

Hereinafter, an LSI according to Embodiment 3 will be
explained using FIG. 8.

FIG. 8 is a configuration diagram of an LSI according to
Embodiment 3. In addition, in the configuration of the LSI 1
of Embodiment 3, components equivalent to those in FIG. 1
are designated by the same numerals for omitting the expla-
nations thereof.

In the LSI 1 according to Embodiment 3, the IP cores 4 are
provided with respective address decoders 31, 32, 33, and 34.
To be more specific, connection is made between a 4ipal-use
address decoder 31 and an IP core 4ipal, between a 4ipa2-use
address decoder 32 and an IP core 4ipa2, between a 4ipb-use
address decoder 33 and an IP core 4ipb, and between a 4ipc-
use address decoder 34 and an IP core 4ipc.

Next, the operation of the LSI 1 will be explained. A CPU
2 outputs a system address signal 100 and a write-enable
signal 102 to all address decoders 31, 32, 33, and 34. An
operation mode control circuit 6 outputs an operation mode
signal 101 to all address decoders 31, 32, 33, and 34. Simi-
larly to the L.SI 1 according to Embodiment 1, in response to
receiving the system address signal 100, the write-enable
signal 102, and the operation mode signal 101, each of the
address decoders 31, 32, 33, and 34 for the respective IP cores
outputs an in-IP address signal (10341, 10342, 1035, or 1030
and a chip selection signal (104al, 10442, 1045, or 1040 to
the connected IP core 4. At this moment, when each of the
address decoders 31, 32, 33, and 34 for the respective IP cores
receives the system address signal 100, each address decoder
refers to address-decoding information 302 corresponding to
the connected IP core 4. Each of the address decoders 31, 32,
33, and 34 outputs, as an in-1P address signal (103a1, 10342,
1034, or 1030, an in-IP address obtained by referring to the
address-decoding information 302 to each IP core 4, to
specify a control register in the IP core 4, and outputs the chip
selection signal (104a1, 104a2, 1045, or 1040 to activate the
selected control register.
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Similarly to the LSI 1 according to Embodiment 1, the
CPU 2 writes a value representing information about input
image signal data 105 to the activated control register. After
completing writing all of the control registers, the L.SI 1 starts
processing the input image signal data 105.

As described above, even in a case where the respective IP
cores 4 are configured to be provided with the address decod-
ers 31,32, 33, and 34 corresponding thereto, the L.SI 1 accord-
ing to Embodiment 3 can write the registers in accordance
with operation modes, using the address-decoding informa-
tion 302.

Embodiment 4

Hereinafter, an LSI according to Embodiment 4 will be
explained using FIG. 9. FIG. 9 is a configuration diagram of
the LSI according to Embodiment 4. In addition, in the con-
figuration ofthe LSI 1 of Embodiment 4, components equiva-
lent to those in FIG. 1 are designated by the same numerals for
omitting the explanations thereof.

In the LSI 1 according to Embodiment 4, an operation
mode control circuit 6 is not provided; therefore, an operation
mode signal 101 is outputted from a CPU 2. The CPU 2
outputs the operation mode signal 101 to an address decoder
3 and a selector 5.

According to the operation mode signal 101, a selector 5
determines a combination of the IP cores 4 to connect the IP
cores 4 according to the determined combination.

The address decoder 3 receives an operation mode signal
101, to output an in-IP address signal 103 and a chip selection
signal 104 to the IP cores 4 in accordance with an address-
decoding information 302. In addition, an operation per-
formed by the address decoder 3 to convert the operation
mode signal 101 to the in-IP address signal 103 and the chip
selection signal 104 is the same as that of the L.SI 1 according
to Embodiment 1; therefore, explanation thereof will be omit-
ted.

As described above, because the LSI 1 according to
Embodiment 4 is configured so that the operation mode signal
101 is outputted from the CPU 2, it becomes possible to
access a plurality of control registers in each IP core 4 without
particularly providing with the operation mode control circuit
6.

Embodiment 5

Hereinafter, explanation will be made about an LSI manu-
facturing method according to Embodiment 5, using FIGS.
10to 14. FIG. 10 is a diagram showing a flow chart to produce
address-decoding information according to Embodiment 5.
FIG. 11 is a diagram listing instance names according to
Embodiment 5. FIG. 12 is a diagram showing address maps of
individual IP cores according to Embodiment 5. FIG. 13 is a
diagram showing control register grouping information
according to Embodiment 5. FIG. 14 is a diagram showing a
flow chart explaining operations for assigning in-IP addresses
and system addresses according to Embodiment 5.

In Embodiment 5, explanation will be made about a
method of manufacturing the L.SI according to Embodiment
1. Inthe LSI 1 according to Embodiment 1, RTL descriptions
are generated with respect to elements such as the address
decoder 3, the IP cores 4 and the like according to Embodi-
ment 1; and the RTL descriptions are put together to be
converted from logic circuits into a net list of a gate descrip-
tion level at a step referred to as a logic synthesis, and then be
converted into a physical layout structure. The layout pattern
thus produced is implanted and printed on a silicon wafer, so
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that the LSI 1 is produced. In the explanation of Embodiment
5, explanation will be made in detail about a method of
producing the address-decoding information 302, which is a
special feature of the LSI 1 according to Embodiment 1.

In addition, an RTL (Register Transfer Level) is a repre-
sentation in which logic circuits are described with a hard-
ware description language such as an HDL (Hardware
Description Language) being a kind of computer language for
designing integrated circuits, and is a representation at a level
of combination of the logic circuits and registers. Further-
more, it is general that the address-decoding information 302
is automatically produced by semiconductor design assis-
tance apparatus or the like. Furthermore, in explanation of
manufacturing the LSI 1 of Embodiment 5, components
equivalent to those in FIG. 1 and FIGS. 5 to 8 are designated
by the same numerals for omitting the explanations thereof.

Using FIG. 10, a method of producing the address-decod-
ing information 302 will be explained in detail.

FIG. 10 is a diagram showing a flow chart to produce the
address-decoding information. At first, in producing the
address-decoding information 302, a system address map 301
is produced at Step 030. Next, at Step 060, in-IP addresses and
system addresses are assigned using the system address map
301 produced at Step 030, so that the address-decoding infor-
mation 302 is produced.

Hereinafter, Step 030 will be explained in detail. In addi-
tion, the system address map 301 relates system addresses to
instance names, control register names, and in-IP addresses
of IP cores 4 to be used.

For producing the system address map 301, an instance
name list 303 of the IP cores 4 and address maps 304 of
individual IP cores 4 are necessary. FIG. 11 shows the
instance name list 303 of the IP cores 4. The instance name list
303 of the IP cores 4 is a correspondence list between IP
names and instance names. An [P name is a name assigned to
an IP core 4, and a same name is assigned to IP cores 4 having
a same function. An instance name is a name assigned for
identifying an IP core 4 to be used. In a case where a plurality
of IP cores 4 having a same function is used, all different
instance names are assigned for identifying each of the plu-
rality of IP cores 4. Furthermore, FIG. 12 shows address maps
of'individual IP cores 4. An address map of an IP core 4 relates
control register names of the IP core 4 to in-IP addresses
thereof. In addition, the instance name list 303 of the IP cores
4 and the address maps 304 of individual IP cores 4 are
manually produced as text files or the like.

The system address map 301 is produced on the basis of
both of the instance name list 303 and the address maps 304
of individual IP cores 4, which have been prepared as
described above.

Next, Step 060 will be explained.

First, an architect prepares information 305 about grouping
control registers. FIG. 13 shows an example of the control
register grouping information 305. The control register
grouping information 305 indicates groups of control regis-
ters with a same value to be written by the CPU 2. Further-
more, the control register grouping information 305 exists in
accordance with the operation modes. Control registers com-
bined in groups vary according to the operation modes. The
LSI architect determines combinations and groups of control
registers on the basis of connection configuration of the IP
cores 4, details of processing and the like. For example, the
upper table in FIG. 13 is control register grouping informa-
tion 305 which is designed for an operation mode of path 1,
that is, for a case where the IP core 4ipal and the IP core 4iph
are connected, and the IP core 4ipa2 and the IP core 4ipc are
connected. To a column of “group 17, “ipal.format” and
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“ipb.format” belong. Because “ipal.format” and “ipb.for-
mat” belong to the column of “group 17, the address decoder
3 can access a plurality of control registers format included in
the IP cores 4ipal and 4ipb with a single system address
signal. Furthermore, the control register grouping informa-
tion 305 indicates that, in an operation mode of path 2, the
selector 5 connects the IP core 4ipal and the IP core 4ipc, and
connects the IP core 4ipa2 and the IP core 4ipb.

In addition, in FIG. 13, characters before*” indicate an
instance name, and characters after “”” indicate a control
register name. For example, with respect to ipal.format in the
column of““group 1” of “operation mode=path 17, ipal before
“” indicates the instance name of the IP core 4ipal, and
characters after “.” indicate the control register name of the
control register format. As described above, each component
in a group is formed with the instance name of an IP core 4 and
a control register name thereof. Furthermore, the description
of “” is an example for explanation and does not limit the
description manner of the control register grouping informa-
tion 305 in the present invention. This control register group-
ing information 305 is manually produced as a text file or the
like.

Next, the address-decoding information 302 is produced
using the system address map 301 produced at Step 030 and
this control register grouping information 305.

FIG. 14 is a flow chart explaining operations for assigning
in-IP addresses and system addresses.

At Step 061, an in-IP address is selected with reference to
the system address map 301. The in-IP address obtained here
is referred to as A.

At Step 062, with respect to the in-IP address A, a system
address “when reading” is assigned in accordance with the
system address map 301.

At Step 063, an operation mode is selected.

At Step 064, referring to the control register grouping
information 305 in the operation mode selected at Step 063,
the system address map 301 is searched for a group including
a system address corresponding to the in-IP address A. Here,
the group obtained as a result of the searching is referred to as
G.

At Step 065, system addresses of all control registers
belonging to the group G are assigned to the in-IP address A
to produce address-decoding information “when writing”.

At Step 066, in a case where the system address of the in-IP
address A and the system addresses belonging to the group
including the in-IP address A have been related with respect
to all operation modes, the process proceeds to Step 067. In a
case where the system address of the in-IP address A and the
system addresses belonging to the group including the in-IP
address A have not been related with respect to all operation
modes, the process returns to Step 063. After returning to Step
063, an operation mode in which the in-IP address A has not
been assigned is selected to repeat the operations from Step
063 to Step 066.

At Step 067, if the relating of all in-IP addresses to system
addresses “when reading” and “when writing” is completed,
the process ends. On the other hand, if the relating of all in-IP
addresses to system address “when reading” and “when writ-
ing” has not been completed, the process returns to Process
Step 061. After returning to Step 061, the process repeats
operations from Step 061 to Step 066 to relate to the system
addresses, in-1P addresses being still unrelated to the system
addresses.

In a manner described above, system addresses are related
to all in-IP addresses to produce the address-decoding infor-
mation 302.
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From the address-decoding information 302 thus pro-
duced, necessary port widths for inputting and outputting are
determined, RTL descriptions of the in-IP address signal and
the chip selection signal 104 are produced, and RTL descrip-
tions of the address decoder 3 are produced. These RTL
descriptions are logically synthesized into a netlist, which is
converted into a physical layout structure, and finally printed
on a silicon wafer to produce an LS 1.

As described above, because the architect has beforehand
determined, as control register grouping information 305, the
groups of control registers necessary for processing the input
image signal data 105 for individual operation modes, the
work of developing a program of the CPU 2 can be reduced
even when the number of IP cores 4 to be controlled increases.

In addition, the method of manufacturing the L.SI 1 accord-
ing to Embodiment 5 has been explained in an example of a
method of manufacturing the L.SI 1 for processing the input
image signal data 105; however, the method may be a method
of manufacturing an LSI 1 for processing audio signal data or
the like, that is, the present invention is not limited to the
method of manufacturing the L.SI 1 for processing the input
image signal data 105. Furthermore, in the example described
above, the method of manufacturing the LSI according to
Embodiment 1 has been explained; however, the LSIs 1
according to Embodiments 2 to 4 can be manufactured in the
same procedure.

NUMERAL EXPLANATION
1LSI
2 CPU
3 address decoder
4 1P core
5 selector

6 operation mode control circuit

31 4ipal-use address decoder

32 4ipa2-use address decoder

33 4ipb-use address decoder

34 4ipc-use address decoder

301 system address map

302 address-decoding information

303 IP core instance name list

304 individual IP cores’ address maps
305 control register grouping information

The invention claimed is:

1. An LSI comprising:

aplurality of IP cores (Intellectual Property Cores) each of
which has a plurality of registers and processes input
data;

an address decoder that selects a register among the plu-
rality of registers and activates it;

a CPU that outputs to the address decoder, a system address
signal designating a register of an IP core used for pro-
cessing the input data, and writes information of the
input data to a register activated by the address decoder;
and

an operation mode control circuit which outputs to the
address decoder, an operation mode signal specifying a
combination of the IP cores used for processing the input
data,

wherein the address decoder determines, according to the
operation mode signal, a combination of the IP cores
used for processing the input data, and

wherein among registers of the IP cores determined to be
used, the address decoder selects and activates a register



US 9,424,040 B2

15

designated by the system address signal and another
register into which to write the same information as that
in the designated register.

2. The LSI according to claim 1,

wherein based on groups including a plurality of system

addresses by which the CPU identifies the registers,
based on in-IP addresses for the address decoder to identify
the registers, and

based on address-decoding information, in which combi-

nations of the system addresses included in the groups
are different with respect to operation modes indicated
by the operation mode signal, and the groups and the
in-IP addresses are related,

the address decoder specifies an in-IP address correspond-

ing to a system address indicated by a system address
signal outputted from the CPU, and activates a register
indicated by the specified in-IP address.

3. The LSI according to claim 1, further comprising a
selector which receives the operation mode signal to connect
IP cores, with each other, to be used for processing the input
data.
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